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Experimental 

Crystal data 

C34H34 
M, = 442.61 
Triclinic, PI 
a = 12.3149 (6) A 
b = 14.8415 (7) A 
c = 15.8795 (8) A 
a = 69.725 (1)° 
= 89.368 (1)° 

Data collection 

Bruker APEXII CCD area detector 
diffractometer 

Absorption correction: multi-scan 
{SADABS; Slieldricic, 1996) 
T . = 0.975, r„,.„ = 0.984 



y = 73.433 (1)° 
V = 2597.0 (2) A' 
Z = 4 

Mo Ka radiation 
II = 0.06 mm"' 
r = 173 K 

0.40 X 0.35 X 0.25 mm 



14768 measured reflections 
10001 independent reflections 
7320 reflections with / > 2a(I) 
Rir,, = 0.032 



Key indicators: single-crystal X-ray study; T = 1 73 K; mean o-(C-C) = 0.003 A; 
R factor = 0.059; wR factor = 0.135; data-to-parameter ratio = 16.3. 



The title compound, C34H34, systematic name 9,9,9',9'-tetra- 
etliyl-2,2'-bi(9//-fluorene), crystallized with two crystallogra- 
phically independent molecules (A and B) in the asymmetric 
unit. These differ mainly in the orientation of the lateral ethyl 
chains: in molecule A, they are both on the same side of the 
molecule whereas in molecule B, one diethylfluorene moiety 
has undergone a 180° rotation such that the two pairs of ethyl 
residues appear on opposite sides of the molecule. The 
fluorene ring systems subtend dihedral angles of 31.37 (4) and 
43.18 (3)° in molecules A and B, respectively. Hence the two 
fluorene moieties are tilted shghtly toward one another. This 
may be due to the presence of intermolecular C— H- ■ -n 
interactions between neighboring molecules. The lateral ethyl 
chains (excluding H atoms) are also almost planar, with each 
pair almost perpendicular to the plane of the fluorene system 
to which they are attached with dihedral angles between the 
ethyl and fluorene planes in the range 86.04 (8)-89.5 (1)°. 



Refinement 

R[F^ > 2aiF^)] = 0.059 
wR(F^) = 0.135 
S = 1.08 

10001 reflections 



613 parameters 

H-atom parameters constrained 
Ap„ax = 0.27 e A"^ 
APmin = -0.26 e A"' 



Table 1 

Hydrogen-bond geometry (A, °). 

Cg3 and Cg4 are tlie centroids of the C14-C16/C24-C26 and C8-C13 rings, 
respectively. 



D-H- - A 




D-H 


H-A 


D-A 


D-H- - A 


C43-H43- ■ 


■Q3' 


0.95 


2.64 


3.49 


150 


C60-H60- ■ 


■Cg4' 


0.95 


3.15 


3.83 


130 



Symmetry code: (i) — x, — y, —z + 1. 

Data collection: APEX2 (Bruker, 2006); cell refinement: SAINT 
(Bruker, 2006); data reduction: SAINT (Bruker, 2006); program(s) 
used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) 
used to refine structure: SHELXL97 (Sheldrick, 2008); molecular 
graphics: SHELXTL (Sheldrick, 2008); software used to prepare 
material for publication: SHELXTL. 



Related literature 

For details of conductive small molecules and their applica- 
tions in organic electronics, see: Chao et al. (2005); Gong & 
Lagowski (2008); Hapiot et al. (2005). For details of the 
synthesis of the title compound, see; Hapiot et al. (2005). For 
the crystal structures of other fluorene derivatives, see; Han et 
al. (2006); Jasinski et al. (2003); Suchod et al. (2000). 




This study was supported by a 2013 Research Grant from 
Kangwon National University (No. 120131375). 

Supporting information for this paper is available from the lUCr 
electronic archives (Reference: SJ5384). 



References 

Bruliier (2006). APEX2 and SAINT. Bruker AXS Inc., Madison, Wisconsin, 
USA. 

Chao, T. C, Lin, Y. T., Yang, C. Y, Hung, T. S., Chou, H. C, Wu, C. C. & Wong, 

K. T. (2005). Adv. Mater. 17, 992-996. 
Gong, Z. & Lagowski, J. B. (2008). J. Mol Struct. THEOCHEM. 866, 27-33. 
Han, M., Lee, S., Jung, X, Park, K.-M., Kwon, S.-K., Ko, J., Lee, P. H. & Kang, Y. 

(2006). Tetrahedron, 62, 9769-9777. 
Hapiot, R, Lagrost, C, Le Floch, E, Raoult, E. & Rault-Berthelot, J. (2005). 

Chem. Mater. 17, 2003-2012. 
Jasinski, J. R, Jasinski, J. M. & Crosby, D. J. (2003). J. Chem. Crystallogr. 33, 

365-374. 

Sheldrick, G. M. (1996). SADABS. University of Gottingen, Germany 

Sheldrick, G. M. (2008). Acta Cryst A64, 112-122. 

Suchod, B., Stephan, O. & KerveUa, Y. (2000). Acta Cryst. C56, e297. 



Acta Cryst. (2014). E70, o185 



doi:1 0.1 1 07/S1 60053681 4001 378 



Park eta/. Ol85 



supplementary materials 



supplementary materials 

Acta Cryst. (2014). E70, ol85 [doi:10.1107/S1600536814001378] 

2,2'-Bi(9,9-diethylfluorene) 

Ki-Min Park^ Hankook Oh and Youngjin Kang 

1 . Comment 

As a potential conductive small molecule, 2,2'-bi(9,9-diethyllluorene) is regarded as one of the most promising candidate 
materials for organic electronics due to its unique photophysical properties, good thermal stability as well as a stable 
glass phase at room temperature (Chao et al, 2005; Hapiot et al, 2005). Therefore, the crystal structure of 2,2'-bi(9,9-di- 
ethylfluorene) plays key role in understanding the reasons that this compound has a high thermal stability and a stable 
glass form (Gong & Lagowski, 2008). 

The title compound (Scheme 1, Fig.l) crystallized with two crystallographically independent molecules (A and B) in the 
asymmetric unit, which differ mainly in the orientation of the lateral ethyl chains in each molecule. The ethyl substituents 
in A are found on the same side of the molecule whereas in molecule B one diethylfluorene moiety has undergone a 1 80° 
rotation such that the two pairs of ethyl residues appear on opposite sides of the molecule. In both molecules the fluorene 
segments are planar with a maximum r.m.s. deviation of 0.048 ° for the C48-C60 ring system. The ethyl chains 
(excluding H atoms) are also planar, with each pair almost perpendicular to the plane of the fluorene system to which 
they are attached, with dihedral angles between the ethyl and fluorene planes in the range 86.04 (8)° to 89.5 (1)°. This 
mterruption of 7r-conjugation of two fluorene segments may be caused by intermolecular intermolecular C — H—n 
interactions between neighboring molecules (Table 1). All bond lengths and bond angles are normal and comparable to 
those of observed in the structures of other fluorene derivatives (Han et al, 2006; Jasinski et al, 2003; Suchod et al, 
2000). 

2. Experimental 

The title compound was synthesized by a literature method (Hapiot et al, 2005). Slow evaporation of a solution of the 
title compound in dichloromethane and hexane (1:2 v/v) gave single crystals suitable for X-ray analysis. 

3. Refinement 

All H-atoms were positioned geometrically and refined using a riding model with d(C — H) = 0.95 A, U\so = 1 .2J7cq(C) for 
aromatic, d(C— H) = 0.99 A, f4„ = 1.2 14,(0) for methylene, and d(C— H) = 0.98 A, = \2u4C) for methyl protons. 

Computing details 

Data collection: APEX2 (Bruker, 2006); cell refinement: SAINT {Bmker, 2006); data reduction: SAINT {Brvker, 2006); 

program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare material for publication: 
SHELXTL (Sheldrick, 2008). 
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Figure 1 

The asymmetric unit of the title compound. Displacement ellipsoids are drawn at the 50% probability level. Hydrogen 
atoms are omitted for clarity. 



9,9,9',9'-Tetraethyl-2,2'-bi(9H-fluorene) 

Crystal data 

C34H34 
M, = 442.6 1_ 
Triclinic, PI 
Hall symbol: -P 1 
fl= 12.3149 (6) A 
14.8415 (7) A 
c= 15.8795 (8) A 
a = 69.725 (1)° 
^= 89.368 (1)° 
y = 73.433 (1)° 
K= 2597.0 (2) h? 

Data collection 

Bmker APEXII CCD area detector 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
(p and CO scans 

Absorption correction: multi-scan 

(SADABS; Sheldrick, 1996) 
r„,„ = 0.975, r„^ = 0.984 

Refinement 

Refinement on 
Least-squares matrix: full 
> 2o-(i^)] = 0.059 

= 0.135 
1.08 

10001 reflections 
613 parameters 



Z=4 

P(000) = 952 

Z),= 1.132 Mgm-3 

Mo Ka radiadon, i = 0.71073 A 

Cell parameters from 6198 reflections 

(9 = 2.3-28.3° 

ji = 0.06 mm ' 

T= 173 K 

Block, colourless 

0.40 X 0.35 X 0.25 mm 



14768 measured reflections 
10001 independent reflections 
7320 reflections with / > 2a{I) 
Rm = 0.032 

ft,ax = 26.0°,ft,.„= 1.4° 

A = -12^15 
/c = -18^18 
/ = -19^14 



0 restraints 

Primary atom site location: structure-invariant 

direct methods 
Secondary atom site location: difference Fourier 

map 

Hydrogen site location: inferred from 
neighbouring sites 
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H-atom parameters constrained (A/(T)n,ax < 0.001 

w = l/[o^(i^o') + (0.0373P)2 + 1 .6362P] Ap^^ax = 0.27 e A"' 

where P = (F^^ + 2F,y3 Ap,^ = -0.26 e A'^ 

Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the flill 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of against ALL reflections. The weighted 7?-factor wR and goodness of fit S are based on F^, 
conventional i?-factors R are based on F, with F set to zero for negative F^. The threshold expression of > ct(F^) is used 
only for calculating i?-factors(gt) etc. and is not relevant to the choice of reflections for reflnement. i?-factors based on F^ 
are statistically about twice as large as those based on F, and 7?-factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 





X 


y 


z 


IJ- *IIJ 


CI 


0.34960 (19) 


0.12638 (16) 


0.07528 (15) 


0.0320 (5) 


C2 


0.33666 (18) 


0.21742 (16) 


-0.01130(15) 


0.0315 (5) 


C3 


0.3600 (2) 


0.21887 (18) 


-0.09731 (16) 


0.0408 (6) 


H3 


0.3901 


0.1578 


-0.1081 


0.049* 


C4 


0.3385 (2) 


0.31178(19) 


-0.16778 (16) 


0.0425 (6) 


H4 


0.3540 


0.3138 


-0.2270 


0.051* 


C5 


0.2948 (2) 


0.40117(17) 


-0.15222(16) 


0.0366 (5) 


H5 


0.2801 


0.4637 


-0.2010 


0.044* 


C6 


0.27234(18) 


0.39989(16) 


-0.06604(15) 


0.0303 (5) 


H6 


0.2427 


0.4610 


-0.0553 


0.036* 


C7 


0.29396 (16) 


0.30763 (16) 


0.00414 (14) 


0.0266 (5) 


C8 


0.27622 (16) 


0.28309(15) 


0.10035 (14) 


0.0254 (4) 


C9 


0.23575 (17) 


0.34442 (15) 


0.14993 (14) 


0.0273 (5) 


H9 


0.2155 


0.4156 


0.1219 


0.033* 


CIO 


0.22538 (17) 


0.30043 (15) 


0.24073 (14) 


0.0271 (5) 


HIO 


0.1978 


0.3424 


0.2747 


0.033* 


Cll 


0.25446 (16) 


0.19547(15) 


0.28429 (14) 


0.0247 (4) 


C12 


0.29613 (17) 


0.13462 (15) 


0.23337 (14) 


0.0273 (5) 


H12 


0.3170 


0.0634 


0.2612 


0.033* 


C13 


0.30680 (17) 


0.17834(15) 


0.14255 (14) 


0.0267 (5) 


C14 


0.23690 (16) 


0.15167(15) 


0.38076 (14) 


0.0245 (4) 


C15 


0.24091 (16) 


0.20295 (15) 


0.43988 (14) 


0.0258 (5) 


H15 


0.2596 


0.2644 


0.4188 


0.031* 


C16 


0.21796(17) 


0.16465 (15) 


0.52783 (14) 


0.0260 (5) 


C17 


0.22179(18) 


0.20635 (17) 


0.60234 (15) 


0.0310(5) 


C18 


0.17970(18) 


0.13300(17) 


0.67919 (15) 


0.0320 (5) 


C19 


0.1576 (2) 


0.13455 (19) 


0.76502 (16) 


0.0400 (6) 


H19 


0.1666 


0.1875 


0.7822 


0.048* 


C20 


0.1221 (2) 


0.0573 (2) 


0.82521 (17) 


0.0438 (6) 


H20 


0.1059 


0.0581 


0.8836 


0.053* 


C21 


0.1101 (2) 


-0.02093 (19) 


0.80109 (17) 


0.0419 (6) 


H21 


0.0866 


-0.0734 


0.8433 


0.050* 


C22 


0.13196(19) 


-0.02323 (17) 


0.71561 (15) 


0.0350 (5) 
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-0.45193 (19) 


1 AO / 1 T\ 

1.32392 (17) 


A A /I O T //'\ 

0.0437 (6) 


HD4 


A OA'} A 

0.z0j4 


A A /ZCiA 

-0.4694 


1 o o/;o 
1.38o3 


A ACO * 

0.052^ 


Cjj 


O.Uojj \2.) 


— 0.4oDz / (ly) 


1.2yo /o (Id) 


A A/1 1 0 /'/;^ 
0.04 Iz (o) 


HDD 


O.Oioi 


A /I AAA 

—0.4909 


1.340/ 


A A/IA* 

0,049^ 


Cdo 


A Ad/IC /IAN 

0.05245 (19) 


A A A 1 A^ /I 

-0.44147 (17) 


1 OA/'OA /I ^\ 

1.20620 (16) 


A AO /I O /C\ 

0.0343 (5) 


rlDO 


A A1 C/T 
— O.OlDO 


A /I C AC 


1.18 / / 


A r\A 1 * 


Cd7 


0.12285 (17) 


—0.40417 (15) 


1.14287 (15) 


A AO TO /C\ 

0.0278 (5) 


CDo 


A 1 1 /I /"I ^\ 

0.1i4o2 (io) 


— U.3 /654 (ii) 


1.04451 (14) 


0.02D1 (4) 


C59 


A AT /I TO /I T\ 

0.03473 (17) 


-0.38021 (16) 


A AOC/IO /1C\ 

0.98548 (15) 


A AOTO /'C\ 

0.0278 (5) 


Hd9 


A f\'~\c\n 

-0.0297 


A A AAA 

-0.4009 


1 AATO 

1.0072 


A AO O A 

0.033* 




U.UjUJJ (1 /) 


— U.JjJjD (lo) 


U. 89400 (ID) 


U.U285 (3) 


H60 


A A A /I O 

-0.0042 


-0.3559 


0.8544 


A AO A rfs 

0.034* 


C61 


A /10A0A /I 0\ 

0.48020 (18) 


A OATA /0\ 

-0.2970 (2) 


0.61827 (17) 


A A /I A /I 

0.0404 (6) 


HoiA 


0.5076 


-0.3364 


A OO ZT 

0.6826 


A A,1 O sis 

0.048^ 


rlolrJ 


U.D4iy 




A CQ^I 

U.D82J 




C62 


A >1 C A 1 /I \ 

0.4501 (2) 


A 1 O /'A /'0\ 

-0.1860 (2) 


A /'AOO/' /'1A\ 

0.60386 (19) 


A A /I A /' /'7\ 

0.0496 (7) 


H62A 


0.5170 


-0.1714 


0.6221 


A A/^ Aifc 

0.060* 


HozB 


0.3883 


A 1 ^on 
—0.168/ 


0.64U2 


0.060* 


HozC 


0.4257 


A 1 >i £;a 

—0.1460 


A C5 AA 

0.5399 


A A^A:fe 

0.060* 


C63 


0.4234 (2) 


A /1/1/',10 /10\ 

-0.44648 (18) 


0.61561 (18) 


A A /I >1 O / /^\ 

0.0442 (6) 


H63A 


A ,1 AO A 

0.4920 


-0.4629 


0.5841 


A AC O rfs 

0.053* 


rlOJD 


U.44d3 


A A OAA 

— U.48UU 


U.0812 


A ACO* 

0.053* 


C64 


0.3363 (2) 


—0.4901 (2) 


A CAA1 C /I A\ 

0.59015 (19) 


A AC OA /n\ 

0.0530 (7) 


H64A 


0.3694 


-0.5630 


0.6069 


0.064* 


HD4rs 


A "5 1 /n 
0.314/ 


A A CAO 

—0.4592 


A CA 

0.5250 


A A/C A sk 

0.064* 


Ho4C 


0.2687 


—0.4761 


0.6222 


A A^ A ik 
0.064* 


C65 


A T7AO /0\ 

0.2708 (2) 


-0.23223 (19) 


1.07764 (17) 


0.0425 (6) 


H65A 


0.3184 


-0.2335 


1.1281 


0.051* 




0.3022 


A OA1 A 

— 0.2U10 


1 A'> 1 A 

1.021U 


A AC 1 * 

O.OdI* 


C66 


0.1507(2) 


-0.16619 (19) 


1.07594(19) 


0.0508 (7) 


H66A 


0.1523 


-0.0983 


1.0687 


0.061* 


H66B 


0.1194 


-0.1948 


1.1327 


0.061* 


H66C 


0.1029 


-0.1629 


1.0254 


0.061* 


C67 


0.40812 (18) 


-0.40071 (19) 


1.09331 (16) 


0.0387 (6) 


H67A 


0.4392 


-0.3662 


1.0377 


0.046* 
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H67B 


0.4493 






-0.3974 




1.1448 


0.046* 






C68 


0.43250 (19) 




-0.51055 (19) 


1.10397 (17) 


0.0448 (6) 






H68A 


0.5147 






-0.5411 




1.1061 


0.054* 






H68B 


0.3937 






-0.5150 




1.0527 


0.054* 






H68C 


0.4048 






-0.5464 




1.1601 


0.054* 






Atomic displacement parameters (A^) 




T 7l 1 


T 799 

u 








T t19 


T Til 


T 791 




CI 


0.0391 (13) 


0.0252 


(11) 


0.0252 


(12) 


0.0006 (9) 


0.0053 (9) 


-0.0095 


(9) 


C2 


0.0311 (12) 


0.0310 


(12) 


0.0290 


(12) 


-0.0045 (9) 


0.0046 (9) 


-0.0104 


(10) 


C3 


0.0546 (15) 


0.0333 


(13) 


0.0322 


(14) 


-0.0066(11) 


0.0085 (11) 


-0.0144 


(11) 


C4 


0.0557 (16) 


0.0471 


(15) 


0.0256 


(13) 


-0.0171 (12) 


0.0088 (11) 


-0.0129 


(11) 


C5 


0.0416(13) 


0.0330 


(13) 


0.0312 


(13) 


-0.0140 (10) 


0.0007 (10) 


-0.0044 


(10) 


C6 


0.0297(11) 


0.0261 


(11) 


0.0327 


(13) 


-0.0073 (9) 


0.0021 (9) 


-0.0085 


(10) 


C7 


0.0207 (10) 


0.0305 


(11) 


0.0286 


(12) 


-0.0065 (8) 


0.0029 (8) 


-0.0114 


(9) 


C8 


0.0192(10) 


0.0266 


(11) 


0.0297 


(12) 


-0.0051 (8) 


0.0033 (8) 


-0.0107 


(9) 


C9 


0.0251 (11) 


0.0228 


(11) 


0.0331 


(13) 


-0.0056 (8) 


0.0034 (9) 


-0.0100 


(9) 


CIO 


0.0262(11) 


0.0266 


(11) 


0.0314 


(12) 


-0.0060 (9) 


0.0062 (9) 


-0.0155 


(10) 


Cll 


0.0169(10) 


0.0290 


(11) 


0.0282 


(12) 


-0.0048 (8) 


0.0012 (8) 


-0.0118 


(9) 


C12 


0.0261 (11) 


0.0210 


(10) 


0.0299 


(12) 


-0.0013 (8) 


0.0038 (9) 


-0.0078 


(9) 


C13 


0.0217(10) 


0.0262 


(11) 


0.0297 


(12) 


-0.0007 (8) 


0.0033 (8) 


-0.0124 


(9) 


C14 


0.0171 (10) 


0.0270 


(11) 


0.0279 


(12) 


-0.0029 (8) 


0.0017 (8) 


-0.0110 


(9) 


C15 


0.0227 (10) 


0.0259 


(11) 


0.0299 


(12) 


-0.0088 (8) 


0.0039 (8) 


-0.0104 


(9) 


C16 


0.0221 (10) 


0.0301 


(11) 


0.0291 


(12) 


-0.0095 (9) 


0.0029 (8) 


-0.0132 


(9) 


C17 


0.0341 (12) 


0.0375 


(13) 


0.0292 


(12) 


-0.0179 (10) 


0.0065 (9) 


-0.0156 


(10) 


C18 


0.0287 (11) 


0.0387 


(13) 


0.0308 


(13) 


-0.0123 (10) 


0.0044 (9) 


-0.0135 


(10) 


C19 


0.0458 (14) 


0.0492 


(15) 


0.0324 


(14) 


-0.0195 (12) 


0.0095(11) 


-0.0197 


(12) 


C20 


0.0431 (14) 


0.0605 


(17) 


0.0282 


(13) 


-0.0156(12) 


0.0116(11) 


-0.0165 


(12) 


C21 


0.0393 (14) 


0.0458 


(15) 


0.0354 


(14) 


-0.0159(11) 


0.0092(11) 


-0.0058 


(12) 


C22 


0.0379 (13) 


0.0333 


(13) 


0.0319 


(13) 


-0.0123 (10) 


0.0049 (10) 


-0.0080 


(10) 


C23 


0.0239(11) 


0.0317 


(12) 


0.0273 


(12) 


-0.0058 (9) 


0.0027 (9) 


-0.0103 


(10) 


C24 


0.0206 (10) 


0.0286 


(11) 


0.0258 


(12) 


-0.0055 (8) 


-0.0005 (8) 


-0.0082 


(9) 


C25 


0.0329 (12) 


0.0217 


(11) 


0.0316 


(13) 


-0.0070 (9) 


0.0017 (9) 


-0.0085 


(9) 


C26 


0.0289(11) 


0.0277 


(11) 


0.0306 


(13) 


-0.0037 (9) 


0.0028 (9) 


-0.0151 


(10) 


C27 


0.0484(15) 


0.0391 


(14) 


0.0310 


(14) 


0.0101 (11) 


0.0091 (11) 


-0.0123 


(11) 


C28 


0.0306 (14) 


0.0637 


(19) 


0.0582 


(19) 


0.0000(13) 


0.0118 (13) 


-0.0008 


(15) 


C29 


0.0617(16) 


0.0244 


(12) 


0.0347 


(14) 


-0.0080(11) 


0.0088 (12) 


-0.0141 


(10) 


C30 


0.0561 (17) 


0.0387 


(14) 


0.0562 


(18) 


-0.0176 (12) 


0.0030 (13) 


-0.0221 


(13) 


C31 


0.0426 (14) 


0.0608 


(17) 


0.0345 


(14) 


-0.0299 (13) 


0.0037 (11) 


-0.0192 


(12) 


C32 


0.0372 (14) 


0.0680 


(19) 


0.0410 


(16) 


-0.0232 (13) 


-0.0058 (11) 


-0.0072 


(14) 


C33 


0.0509 (15) 


0.0391 


(13) 


0.0378 


(14) 


-0.0238 (11) 


0.0157(11) 


-0.0231 


(11) 


C34 


0.0472 (15) 


0.0348 


(13) 


0.0540 


(17) 


-0.0097(11) 


0.0133 (12) 


-0.0220 


(12) 


C35 


0.0241 (11) 


0.0402 


(13) 


0.0294 


(12) 


-0.0064 (9) 


0.0059 (9) 


-0.0120 


(10) 


C36 


0.0303 (11) 


0.0348 


(12) 


0.0322 


(13) 


-0.0146 (10) 


0.0039 (9) 


-0.0128 


(10) 


C37 


0.0361 (13) 


0.0513 


(15) 


0.0373 


(14) 


-0.0200(11) 


0.0100 (10) 


-0.0207 


(12) 


C38 


0.0531 (16) 


0.0619 


(17) 


0.0328 


(14) 


-0.0324 (14) 


0.0138 (12) 


-0.0227 


(13) 


C39 


0.0518 (16) 


0.0513 


(16) 


0.0314 


(14) 


-0.0256(13) 


-0.0020(11) 


-0.0121 


(12) 


C40 


0.0364(13) 


0.0382 


(13) 


0.0348 


(14) 


-0.0144(10) 


-0.0030 (10) 


-0.0120 


(11) 


C41 


0.0276(11) 


0.0304 


(12) 


0.0324 


(13) 


-0.0127 (9) 


0.0008 (9) 


-0.0114 


(10) 
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U.UZDZ 


(11) 


A AO A A 


^^ A\ 

(10) 


A AOOO 

O.OZ50 


f'l o\ 

(12) 


A AATC /'0\ 

—0.00/3 (5) 


A AAAO /AA 

O.OOOo (9) 


A AAOT tC\\ 

— O.OOo / (9) 


C43 


U.Ozl 1 


(10) 


A AT 1 A 


1 o\ 

(12) 


A A1 1 A 

0.0330 


/' 1 1 \ 

(13) 


A AACC /'Cl\ 

— O.OOjD (9) 


A A A1 1 / A\ 

—0.0033 (9) 


A A 1 O 1 I ^ A\ 

— O.Olzl (10) 




o.uiy / 


/ 1 A\ 

(10) 


A A1 1 O 

U.033z 


/I o\ 

(12) 


A A'5 CO 

0.03DO 


(13) 


A AAC? /CW 

— O.OOD/ (9) 


A AA'3y1 /'CW 

0.0034 (9j 


f\ f\1 A A /'I A\ 

—0.0144 (10) 


/^A Z 

C43 


U.U23D 


/'I A\ 

(10) 


A f\^AA 

U.Uz44 


(11) 


A AOAA 

o.ozyy 


(12) 


A AAOA /0\ 

— O.OOoO (p) 


A AA1 /AX 

0.00 lo (9) 


A A 1 A 1 tew 

—0.0101 (9) 


C4o 


A A1 AO 


A^ 
(10) 


A AOOA 


(11) 


A AOOO 

O.Ozoo 


f'l o^ 
(12) 


A f\r\A A /'o\ 

—0.0049 (o) 


A AA1 A /0\ 

—0.0019 (o) 


A f\f\n £i /A\ 

—0.00 lb (9) 


C4/ 


A ATTl 

U.UzZi 


(10) 


U.Oz /4 


1 1 \ 

(11) 


A A1 1 1 

0.0313 


f'l 1\ 

(13) 


A AATO /0\ 

— 0.00/z (p) 


A A A 1 O /'A\ 

0.00 lo (9) 


A A 1 A/1 tew 

—0.0104 (9) 


/^A O 

C4o 




/"I A\ 

(10) 


U.Uz33 


/"I A\ 

(10) 


A AOOC 

O.OzoD 


(12) 


A AAOA /'0\ 

— 0.00z9 (o) 


A AAOA /0^ 

0.00z9 (o) 


A AAAO /'A\ 

—0.009 / (9) 


C4y 


A A 1 AO 


/■I A\ 

(10) 


A An /I 
U.Oz /4 


(11) 


A A1 1 A 

0.03 10 


f'l o\ 

(12) 


A AACI /0\ 

— 0.00o3 (oj 


A AAylA /0\ 

0.0040 (o) 


A AAA/C /A\ 

—0.0096 (9) 




(J.UzUj 


(10) 


v.yjZZy 


1 A^ 
(10) 


A A'2 0 A 

O.OjzO 


f'l o^ 
(12) 


n AA/1 O /0^ 

—0.0049 (o ) 


A AA 1 n ^Q\ 
0.001 / (oj 


A A 1 1 A /'0^ 

—0.01 10 (9) 


CM 




(11) 


A A1 T 1 
(J. 03 /i 


M 0\ 

(12) 


A AOAT 

o.ozy / 


1 o\ 

(12) 


A A 1 0 1 /AA 

— 0.01z3 (9j 


A AA1 A /A\ 

0.0034 (9) 


A A 1 /I 1 /I A\ 

—0.0141 (10) 


C52 


0.02/7 


(11) 


A AOAA 

0.0290 


(11) 


A A'5 1 A 

0.0319 


(13) 


A AACO /'A\ 

—0.0052 (9) 


A AAOA /A\ 

0.0029 (9) 


A A 1 '> /I /I A\ 

—0.0134 (10) 


CD 3 


U.U34i 


(12) 


0.0464 


(14) 


A A1 1 A 

0.0334 


/'I /1\ 

(14) 


A A 1 AO / 1 1 \ 

— O.OlOo (llj 


A AA 1/1 /I A\ 
0.0014 (10) 


AA1A1 ^\ 
—0.0191 (11) 


Cd4 




(16) 


A A^AO 

O.OjOo 


(16) 


A ATTC 

O.Oz /j 


f'l '2\ 

(13) 


A AAOO /I 0\ 

—0.0099 (Izj 


A AAOT /'I 1 \ 

0.009 / (11) 


A Al OA /'I o^ 

—0.01 /9 (Iz) 


CDD 




(15) 


A A/1 /CO 

0.04OZ 


(15) 


A Al 1 A 

0.0339 


f' 1 y1 \ 

(14) 


AA1C/1 /'10\ 

— 0.0O4 (Iz) 


A A1 AT /I 1 \ 
0.019/ (11) 


A Al nn /I o\ 
—0.01 / / (Iz) 


Cdo 


U.U331 


(12) 


A A1 1 

0.0361 


(13) 


A A1 on 
0.03d / 


f^ 1 /1\ 

(14) 


A A1 1 T /I A\ 

—0.011 / (10) 


A A 1 1 A /I A\ 

0.0130 (10) 


— O.OI06 (11) 


CD / 


U.U/00 


(11) 


A AO 1 O 

0.0z3z 


(11) 


A Al 1 1 

0.0333 


f'l o\ 

(12) 


A AA1 O /^0\ 

— 0.003o (o) 


A aacjC 
0.00j6 (9) 


A A 1 0 0 iCW 

— O.Olzo (9) 


Cjo 


U.U/3U 


(10) 


A AOO^ 

O.Ozz / 


M A^ 
(10) 


A AOOO 

0.0z9o 


f'l o\ 

(12) 


A AAC 1 /'Q^ 

— O.OOjI (o) 


A AA/i 1 /Q\ 

0.0061 (o) 


A A 1 1 A /'0^ 

—0.01 10 (9) 


CDy 


O.UzOo 


(10) 


A A'3A1 
0.0301 


(11) 


A A'3 C 1 

0.03M 


(13) 


A AAAC /'A\ 

— 0.009j (9) 


A AAOO /AA 

0.00 /z (9) 


A Al ■I 1 /I A\ 

—0.0131 (10) 


CoU 


A AOA'5 


(10) 


A A1 1 1 

0.03 1 1 


f'l o\ 

(12) 


A A1 CO 

0.03jz 


(13) 


A AATO /A\ 

—0.00 /o (9) 


A AA1 1 /A\ 

-0.001 / (9) 


A A 1 1 1 /"I A\ 

—0.0131 (10) 


Col 


A Aom 


(11) 


A A/; 1 O 

0.061Z 


/'I ^^ 
(17) 


A A'2 CO 

0.03jz 


f* 1 /I \ 

(14) 


—0.0096 (llj 


A A AO /I /'0\ 

0.00z4 (9) 


A Al A^ /'I 0\ 

—0.0146 (Iz) 


Co2 


A AT /I Q 


(14) 


O.Ooyz 


(19) 


{\ ACC 1 

O.OjM 


f" 1 OA 

(18) 


— 0.0zD9 (13 ) 


A AA/i A ^^ o^ 
0.0044 (Iz) 


— 0.0z63 (0) 








U.WH-ZJ 




0 0^07 

jy / 






0 01 10 /'I 




C64 


0.0702 


(19) 


0.0364 


(14) 


0.0520 


(18) 


-0.0134(13) 


0.0148 (14) 


-0.0177(13) 


C65 


0.0518 


(15) 


0.0493 


(15) 


0.0400 


(15) 


-0.0296 (13) 


0.0086 (12) 


-0.0208 (12) 


C66 


0.0671 


(18) 


0.0323 


(14) 


0.0549 


(18) 


-0.0128 (13) 


0.0071 (14) 


-0.0195 (13) 


C67 


0.0236 


(11) 


0.0597 


(16) 


0.0342 


(14) 


-0.0142(11) 


0.0005 (9) 


-0.0171 (12) 


C68 


0.0249 


(12) 


0.0565 


(16) 


0.0389 


(15) 


0.0026(11) 


0.0001 (10) 


-0.0120 (12) 



Geometric parameters (A, °) 


CI— C2 


1.528 (3) 


C35— C36 


1.525 (3) 


CI— C13 


1.530 (3) 


C35— C47 


1.528 (3) 


CI— C29 


1.541 (3) 


C35— C61 


1.542 (3) 


CI— C27 


1.547 (3) 


C35— C63 


1.550 (3) 


C2— C3 


1.387 (3) 


C36— C37 


1.383 (3) 


C2— C7 


1.397 (3) 


C36— C41 


1.401 (3) 


C3— C4 


1.397 (3) 


C37— C38 


1.396 (3) 


C3— H3 


0.9500 


C37— H37 


0.9500 


C4— C5 


1.388 (3) 


C38— C39 


1.392 (4) 


C4— H4 


0.9500 


C38— H38 


0.9500 


C5— C6 


1.388 (3) 


C39— C40 


1.383 (3) 


C5— H5 


0.9500 


C39— H39 


0.9500 


C6— C7 


1.389 (3) 


C40— C41 


1.396 (3) 


C6— H6 


0.9500 


C40— H40 


0.9500 


C7— C8 


1.472 (3) 


C41— C42 


1.466 (3) 


C8— C9 


1.388 (3) 


C42— C43 


1.393 (3) 


C8— C13 


1.399 (3) 


C42— C47 


1.407 (3) 


C9— CIO 


1.383 (3) 


C43— C44 


1.383 (3) 


C9— H9 


0.9500 


C43— H43 


0.9500 


CIO— Cll 


1.405 (3) 


C44 C45 


1.407 (3) 
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CIO — HIO 


0.9500 


Cll — C12 


1.402 (3) 


Cll — C14 


1.483 (3) 


C12 — C13 


1.384 (3) 


Liz — Hlz 


0.9500 


C14 — C26 


1.404 (3) 


C14 — C15 


1.407 (3) 


C15 — C16 


1 O TO /ON 

1.373 (3) 


C15 — H15 


0.9500 


C16 — C24 


1.401 (3) 


C16 — C17 


1.520 (3) 


C 1 7 — C 1 8 


1.526 (3) 


C17 — C33 


1.541 (3) 


C17 — C31 


1 ceo /'>\ 

1.558 (3) 


C18 — C19 


1.394 (3) 


C18 — C23 


1.398 (3) 


C19 — C20 


1.392 (3) 


1 TT1 

C19 — ^H19 


0.9500 


C20 — C21 


1.387 (4) 


C20 — H20 


0.9500 


C21 — C22 


1 '5A1 

1.391 (3) 


C21 — H21 


A ACAA 

0.9500 


C22 — C23 


1.390 (3) 


C22 — H22 


0.9500 


C23 — C24 


1.472 (3) 


C24 — C25 


1.386 (3) 


C25 — C26 


1.389 (3) 


C25 — H25 


0.9500 


C26 — H26 


A ACAA 

0.9500 


C27 — C28 


1.521 (4) 


C27 — H27A 


A AAAA 

0.9900 


C27 — H27B 


A AAAA 

0.9900 


/~1'^0 XT'**© A 

C28 — H28A 


A AOAA 

0.9800 


C28 — H28B 


0.9800 


C28 — H28C 


0.9800 


C29 — C30 


1 C^A 

1.520 (3) 


C29 — H29A 


A AAAA 

0.9900 


C29 — H29B 


0.9900 


C30 — H30A 


0.9800 


C30 — H30B 


A AOAA 

0.9800 


C30 — H30C 


A AOAA 

0.9800 


C31 — C32 


1.521 (4) 


/"111 Tyi 1 A 

C31 — H31A 


A AAAA 

0.9900 


C31— H31B 


0.9900 


C32— H32A 


0.9800 


C32— H32B 


0.9800 


C32— H32C 


0.9800 


C33— C34 


1.522 (3) 


C33— H33A 


0.9900 





A ACAA 

0.9500 


C45 — C46 


1.409 (3) 


AC AO 


1 A OA \ 

1.480 (3) 


t~^A£i An 

C46 — L47 


1 nA /T\ 

1.379 (3) 


C4o — H4o 


A ACAA 

0.9500 


C48 — C60 


1.408 (3) 


AO AC\ 

C48 — C49 


1 Af\0 /0\ 

1.408 (3) 


AC\ C A 

C4y — C50 


1 'JO'? /'5\ 

1.383 (3) 


A C\ T T /I n 

C4y — H49 


A ACAA 

0.9500 


C A A ^ C O 

C50 — C58 


1.409 (3) 


C50 — C51 


1.526 (3) 


r^c 1 r^c^ 

C51 — L52 


1.528 (3) 


C51 — C67 


1.544 (3) 


C51 — C65 


1.555 (3) 


C52 — C53 


1.384 (3) 


C52 — C57 


1 -1 A 1 /') \ 

1.4Ui (3) 


C53 — C54 


1 '? A1 \ 

1.392 (3) 


TTO 

C53 — H53 


A ACAA 

0.9500 


C54 — C55 


1.391 (4) 


C A TTC /I 

C54 — H54 


A ACAA 

0.9500 


Cdd — Cdo 


1.386 \i) 


/~^CC ITCC 

C55 — H55 


A ACAA 

0.9500 


C56 — C57 


1 '> A1 /"T \ 

1.392 (3) 


C56 — H56 


A ACAA 

0.9500 


CD / — C35 


1 ACQ 

1.468 \i) 


C58 — C59 


1.391 (3) 


C59 — C60 


1.384 (3) 


C59 — H59 


A ACAA 

0.9500 


CoO — ^HoO 


A ACAA 

0.9500 


C61 — C62 


1 c ^ z' i A\ 

1.516 (4) 


Col — ^HolA 


A AAAA 

0.9900 


Col — ^HoId 


A AAAA 

0.9900 


Co2 — Ho2A 


A AOAA 

0.9800 


C62 — H62B 


A AOAA 

0.9800 


C62 — H62C 


A AOAA 

0.9800 


C63 — C64 


1 A f A\ 

1.524 (4) 


C63 — H63A 


A AAAA 

0.9900 


C63 — H63B 


A AAAA 

0.9900 


C64 — H64A 


A AOAA 

0.9800 


C64 — H64B 


A AOAA 

0.9800 


C64 — H64C 


A AOAA 

0.9800 


C65 — C66 


1.518 (4) 


Co5 — H65A 


A AAAA 

0.9900 


C65— H65B 


0.9900 


C66— H66A 


0.9800 


C66— H66B 


0.9800 


C66— H66C 


0.9800 


C67— C68 


1.519(3) 


C67— H67A 


0.9900 



ActA Cryst. (2014). E70, ol85 



sup-8 



supplementary materials 



C33— H33B 
C34— H34A 
C34— H34B 
C34— H34C 



0.9900 
0.9800 
0.9800 
0.9800 



C67— H67B 
C68— H68A 
C68— H68B 
C68— H68C 



0.9900 
0.9800 
0.9800 
0.9800 



C2— CI— C13 
C2— CI— C29 
C13— CI— C29 
C2— CI— C27 
C13— CI— C27 
C29— CI— C27 
C3— C2— C7 
C3— C2— CI 
C7— C2— CI 
C2— C3— C4 
C2— C3— H3 
C4— C3— H3 
C5— C4— C3 
C5— C4— H4 
C3— C4— H4 
C6— C5— C4 
C6— C5— H5 
C4— C5— H5 
C5— C6— C7 
C5— C6— H6 
C7— C6— H6 
C6— C7— C2 
C6— C7— C8 
C2— C7— C8 
C9— C8— C13 
C9— C8— C7 
C13— C8— C7 
CIO— C9— C8 
CIO— C9— H9 
C8— C9— H9 
C9— CIO— Cll 
C9— CIO— HIO 
Cll— CIO— HIO 
C12— Cll— CIO 
C12— Cll— C14 
CIO— Cll— C14 
C13— C12— Cll 
C13— C12— H12 
Cll— C12— H12 
C12— C13— C8 
C12— C13— CI 
C8— C13— CI 
C26— C14— C15 
C26— C14— Cll 



100.90(17) 

111.98(19) 

111.30(18) 

111.39(19) 

110.58(18) 

110.38(19) 

120.2 (2) 

128.5 (2) 

111.33 (19) 

118.8(2) 

120.6 

120.6 

120.8 (2) 

119.6 

119.6 

120.5 (2) 

119.7 

119.7 

118.8(2) 

120.6 

120.6 

121.0(2) 

130.8 (2) 

108.17(18) 

119.96(19) 

131.27(19) 

108.77 (18) 

119.05 (19) 

120.5 

120.5 

121.96(19) 

119.0 
119.0 

118.24(19) 

121.58(18) 

120.14(18) 

119.97(19) 

120.0 

120.0 

120.82(19) 
128.36 (19) 
110.82(18) 
117.96(19) 
121.23 (19) 



C36— C35— C47 
C36— C35— C61 
C47— C35— C61 
C36— C35— C63 
C47— C35— C63 
C61— C35— C63 
C37— C36— C41 
C37— C36— C35 
C41— C36— C35 
C36— C37— C38 
C36— C37— H37 
C38— C37— H37 
C39— C38— C37 
C39— C38— H38 
C37— C38— H38 
C40— C39— C38 
C40— C39— H39 
C38— C39— H39 
C39— C40— C41 
C39— C40— H40 
C41— C40— H40 
C40— C41— C36 
C40— C41— C42 
C36— C41— C42 
C43— C42— C47 
C43— C42— C41 
C47— C42— C41 
C44— C43— C42 
C44— C43— H43 
C42— C43— H43 
C43— C44— C45 
C43— C44— H44 
C45— C44— H44 
C44— C45— C46 
C44— C45— C48 
C46— C45— C48 
C47— C46— C45 
C47— C46— H46 
C45— C46— H46 
C46— C47— C42 
C46— C47— C35 
C42— C47— C35 
C60— C48— C49 
C60— C48— C45 



101.28(17) 
112.77(19) 
112.22(19) 
110.72(19) 
110.34(18) 
109.32(19) 

120.1 (2) 
128.9 (2) 
110.94(19) 
119.4(2) 
120.3 
120.3 
120.3 (2) 
119.8 
119.8 
120.6 (2) 
119.7 
119.7 
119.2(2) 
120.4 
120.4 
120.3 (2) 

131.2 (2) 
108.52 (19) 
120.0 (2) 
131.43 (19) 
108.61 (18) 
119.20(19) 
120.4 
120.4 

121.89(19) 

119.1 
119.1 

118.03 (19) 
120.27(18) 
121.70(18) 
120.52 (19) 
119.7 
119.7 

120.34 (19) 
129.15 (19) 
110.50(18) 
118.57(19) 
119.50(18) 
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C 1 5 — C 1 4 — C 1 1 


120.77 (lo) 


C49 — C48 — C45 


1-^1 AT / 1 0\ 

121.93 (18) 


C16 — C15 — C14 


120.35 (19) 


C50 — C49 — C45 


1 1 A AO / 1 0\ 

119.98 (18) 




lino 

119.8 


/^CA /~^AC\ TT/1A 

C50 — C49 — ^H49 


1 '^A A 

120.0 


C14 — C15 — ^H15 


119.8 


/~^AO ^ A n TT/1A 

C46 — C49 — ^H49 


1 '^A A 

120.0 


/^i/:r 

C 1 5 — C 1 6 — Cz4 


1 OA O C /I A\ 

lzO.85 (19) 


C49 — C 5 0 — C 5 0 


1 A An /I A\ 

i2uAl (19) 


/^1C 

C15 — Clo — C17 


128.28 (19) 


C49 — C50 — C51 


1 A ^ C /I 0\ 

129.25 (18) 


L24 — Clo — C17 


110.83 (18) 


/"'CO f~^Cf\ /"'CI 

C58 — C50 — C51 


1 1 A /I 0\ 

110.26 (18) 


Clo — C17 — CI 8 


1 A 1 1 c / 1 n\ 

101.15 (17) 


/~^Cf\ /~^C'^ 

C50 — C5 1 — C5z 


1 A 1 A 1 /I ^\ 

101.41 (17) 


/^IT 

Clo — Ci / — C33 


111 lO / lOX 

1 1 (lo) 


i^cA r^cn 
C50 — C5 1 — Co / 


1 1 O A 1 /I 0\ 

112.91 (lo) 


/^10 /^IT 

Clo — C17 — C33 


113.56 (18) 


/^ci /^ci r^nn 

C52 — C5 1 — C67 


111 /:in / 1 A\ 

113.67 (19) 


Clo — C17 — C31 


109.23 (18) 


/^cA /^ci r^^c 

C50 — C5 1 — C65 


1 1 A ^1 /I 0\ 

110.23 (18) 


/~^10 /"'IT 

Clo — C17 — C31 


1 1 A AC /"I n\ 

110.45 (19) 


/^ci r~'£^c 

C5z — C5 1 — Co5 


1 AA TO /I 0\ 

109.73 (18) 


C33 — C17 — C31 


1 AO O £^ /I 0\ 

108.86 (18) 


r~^£.n /^nc 

L-ol — C5 1 — C65 


1 AO /I 0\ 

IO0.73 (lo) 


C19 — CI 8 — C23 


119.8 (2) 


f^cy t^c^ r^ci 

C53 — C52 — C57 


120.2 (2) 


C19 — Clo — C17 


1 '^A 1 

129.2 (2) 


C53 — C52 — C51 


1 0 A A /'I \ 

129.0 (2) 


C23 — Clo — C17 


1 1 A AC /I A\ 

110.95 (19) 


/"'CT r^c^ 

C57 — C52 — C51 


1 1 A "^-^ /I A\ 

110.72 (19) 


C20 — CI 9 — Clo 


1 1 O A 

118.9 (2) 


C52 — C53 — C54 


1 1 A 1 /'^\ 

119.1 (2) 


C20 — C19 — H19 


120.5 


/^O TTO 

C52 — C53 — H53 


1 '^A A 

120.4 


Clo — C19 — H19 


120.5 


C54 — C53 — H53 


120.4 


Czi — Czo — ciy 


1 -^A A /'^\ 

120.9 (2) 


C55 — C54 — C53 


120.6 (2) 


C21 — CzU — \\L\j 


119. 0 


r^zz r^zA uc/i 
C55 — C54 — H54 


119. / 


C19 — C20 — H20 


1 1 A Z' 

119.6 


C53 — C54 — H54 


1 1 A T 

119.7 


C20 — C2 1 — C22 


120.6 (2) 


C56 — C55 — C54 


120.6 (2) 


CzO — Czl — Wlv 


1 1 A T 

119.7 


r^ca 1TCC 

C56 — C55 — H55 


1 1 A T 

119.7 


Czz — Czl — Hzl 


1 1 A T 

119.7 


C54 — C55 — H55 


1 1 A T 

119.7 


t~">'> e~^'~\'^ r^'^\ 

L2i — C22 — C2 1 


118.5 (2) 


C55 — C56 — C57 


1100 /''^\ 

118.8 (2) 


C23 — C22 — H22 


120.7 


C55 — C56 — H56 


120.6 


Czl — Czz — Hzz 


1 OA "7 

120.7 


r^cn /^cn TJC£^ 

C57 — C56 — H56 


1 OA ^ 

120.6 


Czz — Cz3 — C 1 o 


121.2 (2) 


r^za {~*zn 

C56 — C5 / — C52 


1 '*)A 

120.6 (2) 


C22 — C23 — C24 


130.6 (2) 


C56 — C57 — C58 


1 O A A /O \ 

130.9 (2) 


C 1 0 — C23 — C24 


1 AO /I A\ 

108.22 (19) 


C52 — C57 — C58 


1AO A A /10\ 

108.44 (18) 


Cz 5 — C24 — C 1 0 


1 1 A A 1 /I A\ 

119.91 (19) 


/~<CA /~^CO t~^CC\ 

C59 — C58 — C50 


1 OA i A /I A\ 

120.14 (19) 


r^'^C /^^A 


131.0 (z) 


C^ZC\ /^CO /^C7 

C59 — C5o — C5 / 


1 O 1 1 A / 1 A\ 

131.10 (19) 


Clo — C24 — C23 


1 AO AC\ /I 0\ 

108.49 (18) 


C50 — C58 — C57 


1AO n A /10\ 

108.74 (18) 


C24 — C25 — C26 


119.1 (2) 


C60 — C59 — C58 


1 1 A 1 C /I A\ 

119.15 (19) 


Cz4 — C25 — Hz5 


1 '^A C 

120.5 


/~^^A /~<CA TTCA 

CoO — C59 — H59 


1 OA /I 

120.4 


/^^zr /^OC TT^C 

C2o — C25 — H25 


1 'lA C 

lzO.5 


/~^CO r~^CC\ TTCA 

C58 — C59 — H59 


1 OA A 

120.4 


C25 — C26 — C14 


121.8 (2) 


C59 — C60 — C48 


101 /' 0 /I A\ 

121.68 (19) 


r^^c e~^'~\f TT'^/T 

C25 — C26 — H26 


119.1 


C59 — C60 — H60 


119.2 


C14 — C2o — ^H26 


1 1 A 1 

119.1 


/~1>10 /^£lf\ TT^A 

C48 — C60 — H60 


1 1 A 0 

119.2 


Czo — Cz7 — C 1 


1 14.6 (2) 


r^£i'^ t^ii'X /^TC 

Co2 — Co 1 — C3 5 


11c IT /t A\ 

115.13 (19) 


y^lO i^^^ TTn A 

C2o — C27 — H27A 


108.6 


C62 — C61 — H61A 


108.5 


CI — C27 — H27A 


1 AO /T 

108.6 


C35 — C61 — H61A 


1 AO C 

108.5 


C28— C27— H27B 


108.6 


C62— C61 — H61B 


108.5 


CI— C27— H27B 


108.6 


C35— C61— H61B 


108.5 


H27A— C27— H27B 


107.6 


H61A— C61— H61B 


107.5 


C27— C28— H28A 


109.5 


C61— C62— H62A 


109.5 


C27— C28— H28B 


109.5 


C61— C62— H62B 


109.5 


H28A— C28— H28B 


109.5 


H62A— C62— H62B 


109.5 
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C27 — C28 — H28C 


109.5 


C61 — C62 — H62C 


109.5 


H28A — C28 — H28C 


109.5 


TTy''0 A y~1y''^ TT/'-Oy"! 

H62A — C62 — H62C 


109.5 


H28B — C28 — H28C 


109.5 


H62B — C62 — H62C 


109.5 


C30 — C29 — CI 


114.36 (18) 


C64 — C63 — C3 5 


115.0 (2) 


C30 — C29 — H29A 


108.7 


/— • /■ A /""y^O TT/'O A 

C64 — C63 — H63A 


108.5 


CI — C29 — H29A 


108.7 


/~1 O ^ y^y'O TTy'O A 

C35 — C63 — H63A 


108.5 


C30 — C29 — H29B 


108.7 


A /~*y^O TT/'OT^ 

C64 — C63 — H63B 


108.5 


C 1 — C29 — H29B 


108.7 


O ^ y^ O TTy'OT^ 

C35 — C63 — H63B 


108.5 


H29A — C29 — H29B 


107.6 


TT/^O A /' '> TTy'OT^ 

H63A — C63 — H63B 


107.5 


C29 — C30 — H30A 


109.5 


y^ y' O J T T /I A 

C63 — C64 — H64A 


109.5 


C29 — C30 — H30B 


1 t\c\ c 

109.5 


C63 — C64 — H64B 


1 AA C 

109.5 


H30A — C30 — H30B 


109.5 


T Ty' /I A i~\ ^ A T T A T~% 

H64A — C64 — H64B 


109.5 


C29 — C30 — H30C 


109.5 


C63 — C64 — H64C 


109.5 


H30A — C30 — H30C 


109.5 


H64A — C64 — H64C 


109.5 


H30B — C30 — H30C 


109.5 


T Ty' /I y~i /'A T T A J~i 

H64B — C64 — H64C 


109.5 


C32 — C31 — C17 


115.2 (2) 


y' y' y^ C ^ 1 

C66 — C65 — C5 1 


115.11 (19) 


'^ O 1 T TO 1 A 

C32 — C31 — H31A 


108.5 


C66 — C65 — H65A 


108.5 


C17 — C31 — H31A 


108.5 


C51 — C65 — H65A 


108.5 


/"lO lO /~1 O 1 TTO 1 

C32 — C31 — H31B 


108.5 


/~1 y' y i~\ ^ C TTy^T^ 

C66 — C65 — H65B 


108.5 


C17 — C31 — H31B 


108.5 


/— ' ^ i /—I /- ^ T TZT CT^ 

C51 — C65 — H65B 


108.5 


TT1 1 A /"ll 1 TTO 1 n 

H31A — C31 — ^H31B 


107.5 


H65A — C65 — H65B 


1 AT C 

107.5 


C31 — C32 — ^H32A 


109.5 


/~^/'c i^/'/' ft/'/' A 

C65 — C66 — H66A 


109.5 


/"lO 1 y^O TTO '>T^ 

C3 1 — C32 — H32B 


109.5 


/' C / / TTy'y^T"* 

C65 — C66 — H66B 


109.5 


H32A — C32 — H32B 


109.5 


TT/'y' A / /' T J /J~t 

H66A — C66 — H66B 


109.5 


C31 — C32 — ^H32C 


109.5 


C65 — C66 — H66C 


1 AA C 

109.5 


T TO O A y^ O O TTO^/^ 

H32A — C32 — H32C 


109.5 


11/'/' A / ' ^ / Z' 1 1 /^ /' 

H66A — C66 — H66C 


109.5 


H32B — C32 — H32C 


109.5 


H66B — C66 — H66C 


109.5 


C34 — C33 — C17 


115.01 (18) 


C68 — C67 — C5 1 


lie 1 O /I A\ 

115.13 (19) 


C34 — C33 — H33A 


1 AO C 

108.5 


/~^£0 /~^/''1 TTit'T A 

C68 — C67 — H67A 


1 AO C 

108.5 


y^ 1 "7 y^ O O T TO O A 

C17 — C33 — H33A 


108.5 


/ "^ n \ y i y' ^ 1 1 /^ '—1 A 

C51 — C67 — H67A 


108.5 


y^O A O O T TO O T^ 

C34 — C33 — H33B 


108.5 


/~1 y^ fl y^y'T 1 1 Z' '11~\ 

C68 — C67 — H67B 


108.5 


C17 — C33 — H33B 


1 AO C 

108.5 


C51 — C67 — H67B 


1 AO C 

108.5 


H33A — C33 — H33B 


1 AT C 

107.5 


H67A — C67 — ^H67B 


1 AT C 

107.5 


C33— C34— H34A 


109.5 


C67— C68— H68A 


109.5 


C33— C34— H34B 


109.5 


C67— C68— H68B 


109.5 


TTi A A f^'^ A yyi /(n 

H34A — C34 — H34B 


1 AA e 

109.5 


TTZ'O A /~^/'Ci TTit'OT^ 

H68A — C68 — H68B 


1 AA C 

109.5 


/^O O /"^O /I TTO /I /" 

C33 — C34 — H34C 


109.5 


C67 — C68 — H68C 


109.5 


T TO /I A O /I T TO >1 

H34A — C34 — H34C 


109.5 


H68A — C68 — H68C 


109.5 


T TO /I T~> /" o >1 T TO /I /"* 

H34B — C34 — H34C 


109.5 


T T/' OTl /"^ /' O T Ty' O/^ 

H68B — C68 — H68C 


109.5 


C 1 3 — C 1 — C2 — C3 


-178.7 (2) 


/—• A -7 y^O C /^O /" o T 

C47 — C35 — C36 — C37 


178.8 (2) 


C29 — CI — C2 — C3 


-60.2 (3) 


C61 — C35 — C36 — C37 


58.6 (3) 


C27 — CI — C2 — C3 


63.9 (3) 


r^/i'^ /~^'y n /~^'y /' t^'yn 

C63 — C35 — C36 — C37 


/"A 

-64.2 (3) 


C 1 3 — C 1 — C2 — C7 


0.4 (2) 


C47 — C35 — C36 — C41 


-2.5 (2) 


C29— CI— C2— C7 


118.9(2) 


C61— C35— C36— C41 


-122.7 (2) 


C27— CI— C2— C7 


-116.9 (2) 


C63— C35— C36— C41 


114.5 (2) 


C7— C2— C3— C4 


-0.9 (4) 


C41— C36— C37— C38 


1.5 (3) 


CI— C2— C3— C4 


178.1 (2) 


C35— C36— C37— C38 


-179.9 (2) 


C2— C3— C4— C5 


0.1 (4) 


C36— C37— C38— C39 


-0.9 (4) 
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C3 — C4 — L5 — Co 


f\ C / A\ 

0.5 (4) 


037 — C38 — 039 — C40 


A 1 ( A\ 

0.1 (4) 


C4 — C5 — Co — C7 


—0.3 (3) 


03 8 — 03 9 — C40 — 04 1 


0.0 (4) 


e~^c r^a /~^n 

C5 — Co — C7 — C2 


-0.5 (3) 


/~^'>A /~^Af\ r^A'X /"^IZT 

C3 9 — C40 — C4 1 — C3 6 


0.6 (3) 


r^ei i~^n t~^o 

C5 — Co — C7 — Co 


1 no '> /''^\ 

—178.3 (2) 


C3 9 — C40 — C4 1 — C42 


1 TA O /'^\ 

179.8 (2) 


/"^T /"'o r~^n /~^£L 

C3 — C2 — C7 — Co 


1.1 (3) 


037 — 036 — 041 — O40 


1 A /1 \ 

-1.4 (3) 


C 1 — C2 — C7 — Co 


1 TO AO /I A\ 

-178.08 (19) 


035 — 036 — 041 — O40 


1 TA O 

179.8 (2) 


C3 — C2 — C7 — C8 


179.3 (2) 


C3/ — 036 — 041 — 042 


179.2 (2) 


C 1 — C2 — C 7 — C 8 


0.1 (2) 


C35 — C3o — C41 — C42 


A A f'^\ 

0.4 (2) 


Co — C7 — C8 — C9 


-2.0 (4) 


A Pi /~^/11 Z"' A'^ A1 

C4U — C4 1 — C42 — C43 


2.9 (4) 


C2 — C7 — C8 — C9 


1 OA A ^'~\\ 

—180.0 (2) 


C 3 6 — C4 1 — C42 — C43 


1 11 A {'~\\ 

(2) 


Co — C7 — C8 — CI 3 


177.2 (2) 


C40 — C4 1 — C42 — C47 


—177.1 (2) 


Cz — C7 — Co — C 1 J 


-0.7 (2) 


C3o — C41 — C42 — C47 


2,2 (2) 


C 1 3 — C8 — C9 — C 1 0 


-0.6 (3) 


A -7 A'^ /1 1 A A 

047 — 042 — 043 — 044 


1 1 /T \ 

1.1 (3) 


C7 — C8 — C9 — C 1 0 


1 no 

178.6 (2) 


C4 1 — 042 — C43 — C44 


1 no o fn\ 

—178.8 (2) 


C8 — C9 — C 1 0 — C 1 1 


-0.1 (3) 


C42 — 043 — 044 — 045 


0.9 (3) 


C9 — C 1 0 — C 1 1 — C 1 2 


0.6 (3) 


043 — 044 — 045 — 046 


-1.5 (3) 


cy — c 1 0 — c i i — c 1 4 


1 11 11/1 n\ 

—1 / /.13 (ly) 


C43 — C44 — C4D — 048 


1 TA 1 /T\ 

1 /y.i (2j 


ClU — Cll — Clz — C13 


-0.5 (3) 


044 — 045 — C46 — 047 


A 1 /TX 

-0.1 (3) 


C14 — Cll — Cl2 — C13 


1 T7 /I 0\ 

177.22 (18) 


048 — 045 — 046 — 047 


1 TA O C /I A\ 

179.35 (19) 


Cll — C12 — C13 — C8 


A 1 /I \ 

-0.1 (3) 


045 — 046 — 047 — 042 


2.1 (3) 


^11 ^i'*) r^^'y ^1 
Cll — C12 — CI 3 — CI 


1 1C\ 0 /"lA 

—1 /y.o (2) 


r^A^ r^A^ r^An r^^z 
C43 — C46 — C4 / — C3D 


—1 /O.D (2) 


C9 — C8 — C 1 3 — C 1 2 


0.7 (3) 


043 — 042 — C47 — 046 


-2.7 (3) 


C7 — C 8 — C 1 3 — C 1 2 


1 TO /'/^ /I A\ 

—178.66 (19) 


A 1 1"^ A ^ A 1 A /I 

04 1 — 042 — 047 — 046 


1 TT "^A /I A\ 

ill. 29 (19) 


C9 — C8 — C13 — CI 


1 TA £.C\ / 1 A\ 

-179.60 (19) 


/I "7 A'^ A1 /"^TC 

043 — 042 — 047 — 03 5 


1 TzT 1 / 1 A\ 

176.16 (19) 


C7 — C8 — C 1 3 — C 1 


1 A /'**\ 

1.0(2) 


r^A-\ r^A^ r^An r^^tc 

041 — C42 — 047 — 035 


-3.9 (2) 


L2 — C 1 — C 1 3 — C 1 2 


1 TO O /I \ 

178.8 (2) 


036 — 035 — 047 — 046 


ITT /I /'I \ 

-177.4 (2) 


C29 — CI — C13 — C12 


59.8 (3) 


061 — 035 — 047 — 046 


-56.9 (3) 


C27 — CI — C13 — C12 


-63.3 (3) 


063 — 03 5 — 047 — 046 


65.3 (3) 


C2 — C 1 — C 1 3 — Co 


A A 

-0.9 (2) 


r^ic r^An r^A^ 
C36 — C3D — C4 / — C4z 


3.9 (2) 


C29 — CI — CI 3 — C8 


1 1 A A 

-119.9 (2) 


061 — 035 — 047 — 042 


124.4 (2) 


C27 — CI — C13 — C8 


1 1 T 1 

117.1 (2) 


063 — 035 — 047 — 042 


111 A 

— 113.4 (2) 


C 1 2 C 1 1 — C 1 4 — C2o 


—28.5 (3) 


A A r^Ac AO r^^c\ 

044 — 045 — 048 — C60 


40.5 (3) 


ClU — Cll — C14 — C2o 


149.19 (19) 


r^Aii r^Az r^AO r^^f\ 
C46 — C4d — 048 — C60 


—136.9 (I) 


C12 — Cll — C14 — C15 


ICO O 1 /I A\ 

153.81 (19) 


/—• A A /-I A ^ /"-I A O A A 

044 — 045 — 048 — 049 


1 1 A A /'^ \ 

-139.9 (2) 


CIO — Cll — C14 — CI 5 


-28.5 (3) 


L46 — 045 — 048 — 049 


40.7 (3) 


C2o — C 1 4 — C 1 5 — C 1 0 


-1.6 (3) 


CoU — C48 — C49 — C50 


1 1 /'>\ 

1.1 (3) 


Cll — C 1 4 — C 1 5 — C 1 6 


1 T/T 1 T / 1 0\ 

176.17 (18) 


C4 5 — C4 8 — C4 9 — C 5 0 


1 TO AO /'I A\ 

-178.48 (19) 


C 1 4 — C 1 5 — C 1 6 — Cz4 


A A /") \ 

U.U (3) 


C48 — C49 — C50 — C58 


A 1 /I \ 

-0.1 (3) 


/^l"? 

C14 — C15 — Clo — CI 7 


1 TT A / 1 A\ 

177.69 (19) 


/^AO /^AC\ f^cr\ /^C1 

048 — 049 — C50 — 05 1 


1 TO C 

-178.5 (2) 


C15 — Clo — C17 — CI 8 


176.2 (2) 


/~^Af\ /~1CA /~<C^ 

C49 — C50 — C5 1 — 052 


1 nc c 

—175.5 (2) 


C24 — C 1 0 — C 1 7 — C 1 0 


-5.9 (2) 


/^co r^cf\ /~^ci 

C58 — C50 — C5 1 — C52 


6.0 (2) 


C 1 5 — C 1 6 — C 1 7 — C3 3 


54.3 (3) 


049 — O50 — 05 1 — 067 


-53.5 (3) 


C24 — Clo — C17 — C33 


1 '^T OA /I A\ 

-127.80 (19) 


/~^co /~^cf\ /^m 

058 — O50 — 051 — 067 


1 O t\A /I A\ 

128.04 (19) 


/^ic /^i/: 

C i J — C 1 0 — C 1 / — C3 i 


— 0/.3 (3) 


C49 O jU CD i — COJ 


6o.4 (3) 


C24— C16— C17— C31 


110.6(2) 


058—050—051—065 


-110.1 (2) 


C16— 017— C18— C19 


-175.7 (2) 


050—051—052—053 


176.2 (2) 


€33— CI 7— 018— €19 


-53.9 (3) 


067—051—052—053 


54.7 (3) 


031—017—018—019 


68.7 (3) 


065—051—052—053 


-67.2 (3) 


€16— €17— €18— €23 


5.7 (2) 


050—051—052—057 


-6.3 (2) 
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C33 — C17 — Cl8 — C23 


127.6 (2) 


/—• /: -7 /"'CI /""d f~^zn 

C67 — 05 1 — C52 — C57 


1 OT 0 /ON 

— Iz7.8 (z) 


C31 — C17 — C18 — C23 


1 A A 0 /'I \ 

—109.8 (2) 


065 — 05 1 — 052 — 057 


110.2 (2) 


C23 — L 1 8 — C 1 9 — C20 


A A /T \ 

0.0 (3) 


t~^cn /^c^ r^c^ t~^cA 

C57 — C52 — C53 — C54 


A A \ 

0.0 (3) 


C17 — CI 8 — C19 — C20 


1 no A 

—178.4 (2) 


C5 1 — C52 — C53 — C54 


177.3 (2) 


C 1 8 — C 1 9 — CzO — Lz 1 


AO / A\ 

0.8 (4) 


r^z'~\ r^c^ r^cA t~^cc 

052 — 053 — 054 — 055 


A A //I \ 

—0.9 (4) 


L 1 9 — CzO — Cz i — Czz 


—0.8 (4) 


/"'CT r~^ZA t~^CC t~^C£^ 

053 — 054 — 055 — 056 


A 0 / /I \ 

0.8 (4) 


LzU — Cz 1 — Cz2 — Cz3 


A 1 ^ A\ 

-0.1 (4) 


054 — 055 — 056 — 057 


A 1 /T\ 

0.1 (3) 


Cz 1 — Czz — Cz J — C 1 8 


A A f~>\ 

0.9 (3) 


055 — 056 — 057 — 052 


1 A /I \ 

-1.0(3) 


Cz 1 — Czz — Czi — Cz4 


—177.2 (2) 


t~^zz i~^zc i~^zn r^zo 

C55 — C5o — C57 — C58 


177.4 (2) 


C 1 9 — C 1 8 — Czi — Czz 


A A \ 

-0.9 (3) 


r^Z"^ /"'d i~^zn z £^ 

053 — 052 — 057 — C56 


A A 

0.9 (3) 


C 1 7 — C 1 8 — Cz3 — Czz 


177.8 (2) 


r^c^ r^cn r^c^ 

05 1 — 052 — 057 — 056 


1 TA / 1 A\ 

—176.79 (19) 


C 1 9 — C 1 8 — Cz J — Cz4 


177.6 (2) 


r^z'^ /"^ci f~^zn r^zo 

053 — 052 — 057 — 058 


1 T? 01 /I A\ 

-177.81 (19) 


C 1 7 — C 1 0 — C23 — C24 


-3.7 (2) 


z ^ r~^z^ r~*zn r^zo 

051 — 052 — 057 — 058 


A Z /'^\ 

4.5 (2) 


C 1 5 — C 1 6 — C24 — C2 5 


1.6 (3) 


/~^Af\ /~^ef\ f^eo /~^zf\ 

049 — O50 — 058 — 059 


-1.0 (3) 


C 1 7 — C 1 6 — C24 — C25 


-176.48 (18) 


051 — O50 — 058 — 059 


177.66 (18) 


C 1 5 — C 1 6 — C24 — C23 


-177.86 (18) 


/~^Ar\ z f\ /"'CO /"'c? 

049 — O50 — 058 — 057 


1 T7 C /I 0\ 

177.56 (18) 


C 1 7 — C 1 0 — C24 — C23 


A 1 /0\ 

4.1 (2) 


/"'CI /" c i\ r~^zo t^zn 

05 1 — C50 — 058 — 057 


-3.8 (2) 


C22 — C23 — C24 — C25 


-1.3 (4) 


/"ic/T /^z'n /"'CO /^zc\ 

056 — 057 — 058 — 059 


-0.6 (4) 


/—I 1 0 /"''^O A /"'I C 

C 1 8 — C23 — C24 — C25 


-179.6 (2) 


/"'C'1 r^zn /~*zo z r\ 

052 — 057 — 058 — 059 


1 TT A /'l \ 

177.9 (2) 


Czz — Czi — Cz4 — C 1 0 


178.1 (2) 


r^ziL r^zn r^zo i~*zf\ 

056 — 057 — 058 — O50 


1 TA A 

—179.0 (2) 


C i 0 — Cz3 — Cz4 — C i 0 


— U.Z (Z) 


r^z^ r^zn r^zQ f~^z(\ 
05z — C5 / — 058 — O50 


A A /ON 

-0.4 (2) 


C 1 0 — Cz4 — Cz5 — Czo 


-1.5 (3) 


r^co f~^cCi r^£.c\ 

O50 — 058 — 059 — O60 


1.1 (3) 


C23 — C24 — C25 — C26 


177.9 (2) 


r~*zn /""CO /~^zr\ /"'/^a 

057 — 058 — 059 — O60 


-177.1 (2) 


Cz4 — Cz5 — Czo — C 14 


-0.2 (3) 


r^zo r~^zc\ /"'zta r~^AO 

058 — 059 — O60 — 048 


A 1 /I \ 

-0.1 (3) 


C i J — C 1 4 — Czo — CzD 


1.7 (3) 


r^ACt r^AO r^iir\ r^zn 
049 — 048 — O60 — 059 


-1.0 (3) 


Cll — C14 — C26 — C25 


IT/' AO /I AN 

-176.03 (19) 


045 — 048 — C60 — 059 


1 TO CT /I A\ 

178.57 (19) 


C2 — C 1 — C27 — C28 


61.6 (3) 


036 — 035 — 061 — 062 


59.2 (3) 


C13 — CI — C27 — C28 


—49.7 (3) 


An /^TC /^/:ri /^jC^ 

047 — 035 — 061 — 062 


Z A A /IN 

—54.4 (3) 


C29 — C 1 — C27 — C28 


—173.3 (2) 


063 — 035 — 061 — 062 


—177.2 (2) 


/""I 1 /"'lA /^OA 

C2 — CI — C29 — C30 


-57.2 (3) 


/' /"'O C /"*/"> /"'/' A 

036 — 035 — 063 — 064 


-52.6 (3) 


C13 — CI — C29 — C30 


54.9 (3) 


/— ' A n /"'O C /"'/''> /"^ /' A 

047 — 03 5 — 063 — 064 


58.7 (3) 


C27 — CI — C29 — C30 


178.1 (2) 


Col — C35 — Co3 — Co4 


—177 A (2) 


c 1 c 1 7 1 








C18— C17— C31— C32 


60.4 (3) 


052—051—065—066 


-52.5 (3) 


C33— C17— C31— C32 


-174.3 (2) 


067—051—065—066 


-177.4(2) 


016— 017— C33— C34 


54.3 (3) 


050—051—067—068 


-57.4 (3) 


018— 017— 033— 034 


-60.5 (3) 


052—051—067—068 


57.4 (3) 


031—017—033—034 


176.0 (2) 


065—051—067—068 


179.9 (2) 



Hydrogen-bond geometry (A, °) 

Cg3 and Cg4 are the centroids of the C14-C16/C24-C26 and C8-C13 rings, respectively. 



D—n-A 




D—n 


U-A 


D-A 


D—U-A 


043— H43- 


•Cg3' 


0.95 


2.64 


3.49 


150 


O60— H60- 


■■Cg4' 


0.95 


3.15 


3.83 


130 



Symmetry code: (i) -x, -y, -z+1. 



Acta Cryst. (2014). E70, ol85 



sup-1 3 



